This paper describes the design and construction of a device for measuring compressive force during oil expression from oil bearing seeds or nuts. The device consist of a 10 tons load cell and an amplifier with display unit. The device was calibrated and tested. The result obtained from the test shows that the device is adequate for measuring dead load and compressive force, ranging from 0-100kN in a situation where a percentage error of up to 0.2% is permissible. In addition, test result of oil yield obtained by using the device to measure compressive force during oil expression from grounded Palm Kernel was compared to the result of oil yield measured using the Universal Testing Machine (UTM) of 50KN capacity. The results were subjected to a statistical analysis using T-test. The comparative analysis of the two independent results confirmed that there is no significant difference between the two devices at 5% level of confidence (P>.05).
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The compression of oil seeds by agricultural equipment has become a matter of increasing concern because for each crop there is an optimum level of pressure for maximum yield [8] . Loading beyond this optimum level can be very detrimental.
Oil seeds are most of the time subjected to compressive loads in order to express oil from them. These forces tend to either increase or decrease the quantum of oil expressed as the case may be. Thus, there is the need to determine the magnitude of such compressive forces in order to device appropriate strategies for a particulfar situation. Therefore, the development of simple devices or techniques that will identify and quantify the compressibility of oil seeds is a first step towards optimization of oil yield.
Interpretation of compression data in terms of squeezing-flow parameters is receiving increasing attention in food research [2] . It has also been used in polymer science, particularly for measuring biaxial extensional viscosity of highly viscous polymers [4] .
Most information on mechanical and textural properties of oil seeds has been obtained using triaxial apparatus or uniaxial compression tests using material testing equipment such as Instron or Testometric Universal Testing Machine.
These force-measuring devices earlier used for such research work are very expensive and difficult to maintain, especially in developing countries with low income and where Hi-technology is rarely available.
Force measurement can be divided into two categories, direct comparison and indirect comparison. The unknown is directly compared with a gravitational force in direct comparison, while in an indirect comparison method the use of calibrated mass or transducer is employed. The transducing method of measuring force is the most common because of its flexibility. While other methods of force measurements can be used for static or slowly varying loads, the elastic deflection method which fall under transducing method are widely use for both static and dynamic loads of frequency content of the order of thousands of hertz [5] .
Some of the factors to be considered for force transducer selection include nature of signal to be measured, loading effect of the transducer, environmental considerations, transducer capability, measuring system compatibility and cost [6] .
The objective of this study is to design and construct a compressive force measuring system for oil seeds in order to device strategies to determine the effects of such forces on the target materials.
Design and construction
The design and construction of the force-measuring device was carried out in such a way that the device has high reliability, accuracy, repeatability and reasonable sensitivity. The components used for the designed circuit were selected based on technical, economic and availability considerations.
Introduction

Design
The expected measuring range of the device is 0kN to 100kN, therefore; the maximum rating of the selected load-cell was 100kN. The load cell excitation voltage was ± 5v d.c and the output from each of the terminals with respect to ground under noload (balanced) condition were +4.7mV d.c, while the differential output between the two output terminals was 0 volt.
The maximum differential output voltage from the load cell under maximum load was in microvolt range. The detection of this voltage is practically impossible for most commonly available display that can only detect voltage in millivolt range and above. In order to display the voltage with reasonable accuracy and for easy calibration, there is the need for this differential voltage to be amplified.
Since the output voltage from the load cell is a differential voltage, differential amplifier was used for amplifying the voltage. The design of the amplifier and associated circuit was carried out as follows:
The circuit diagram of a differential amplifier is as shown in fig 1.
R 1 and R 2 are the input resistance; R f is the feed back resistance. R 3 is the balancing resistance, while R 4 and R 5 are combined to form zero adjusting resistors. A is the operational amplifier; V 1 and V 2 are the inverting input and non-inverting input voltage respectively. V 0 is the amplifier output voltage while +V cc and -V cc are the positive and negative amplifier power supply voltage, respectively.
The closed -loop gain G for this amplifier is expressed in terms of other circuit parameters in equation (1) ( 1) For proper operation of the circuit, (2) V 1 and V 2 were obtained from the output of the load cells. To interface the load cell with the differential amplifier, the output of the load cell must pass through a buffer (unity gain, high input impedance and low output impedance amplifier) so that the output impedance of the load cell circuit can be matched with input impedance of the differential amplifier. The output of the differential amplifier was also interfaced with the display via a buffer for the same reason.
The differential voltages, when 1kN and 100kN forces were applied are 1micro volt and 100 microvolt respectively. Therefore, to obtain an output of 1milivolt at minimum load and 100milivolt at maximum load, an amplifier closed-loop gain G of 1000 was used.
But
Therefore, To obtain R f , a value of 1KΩ was used for R 1 to improve the input impedance of the amplifier. Thus, the value of R f was determined as follows:
From equation (2) And A general-purpose operational amplifier LM 324 was used for this work. As a result of non availability of standard instrumentation amplifier such as AD624, INA124, 125 e.t.c in Nigeria. it was configured as an instrumentation amplifier using all the four Op-Amps as shown in fig 2. The basic and major disadvantage of this configuration is poor commomn mode rejection ratio (CMRR) which was taken care off by:
1. Using precision type resistors for all fixed resistors. 2. Making sure resistors R 1 , R 2 and R 3 , R 4 are matched 3. Providing electrostatic discharge point and grounding shields within the circuit board as shown in figure 3 by the two cylinders
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For proper nulling, a 10KΩ pot and 1KΩ resistor was used for R 5 and VR 1 , respectively.
The complete circuit diagram of the designed circuit is as shown in Fig 2. 
LIST OF COMPONENT
Construction:
The conditions of the components used for the construction of the force-measuring device were ascertained through testing before using them. The components were arranged accordingly on the Vero board and soldered.
Conformance tests were carried out on the output of the load cell, input of the differential amplifier, output of the differential amplifier and input of the display to ensure conformity with the desired voltage and the results agreed with the desired voltage values. The picture of the constructed device is as shown in Figure 4 .
Calibration
Calibration is the process by which the output voltage of the constructed force-measuring device was recorded as the applied force was varied in a predefined environment [7] . The applied force could be from a primary standard force (dead weight) or a secondary standard force (e.g. Hydraulic press). For the purpose of this work, a hydraulic press with 300kN force rating was used and the readings obtained as the force was increased from 0kN to 100kN were recorded as shown in Table1. The calibration curve (Fig.5) was obtained by plotting the values of output voltage against the applied force.
It can be seen from the calibration curve that the relationship between the output voltage and the applied force was linear with no hysteresis. Furthermore, when the data obtained was fitted to a linear regression model, the resulting equation for the calibration was
Y=X (3)
Where Y is measuring device output in millivolts and X is the applied force in kN. 
Testing of the device
Validation of calibration
In order to validate the calibration of the device, the device was used on another hydraulic press different from the one used for calibration to further authenticate the results of the calibration test.
The results obtained are shown in Table 2 .
Performance test
The performance test of the designed device was carried out by measuring the compressive force used in expressing oil from grounded palm kernel seed in an oil expression rig mounted on a hydraulic press. The oil yield obtained from each corresponding force measured by the designed device was compared to the oil yield obtained from compressive force measured using the Universal Testing Machine (UTM). Fig.6 shows the complete assembly of the mechanical oil expression rig, designed force measuring device and the hydraulic press used for carrying out the performance test of the designed compressive force-measuring device. The rig is made up of three major components: piston, the press cage cylinder and the supporting platform. The rig was coupled to the hydraulic press and UTM respectively as shown in Figures 6 and 7 . The compressive force used to express oil was measured using the designed device for the hydraulic press. The ground palm kernel of fine particle sizes were poured into the press cage cylinder, the sample was heated for 30 minutes, at the heating temperature of 110 o C. Then the pressing speed of 2.5mm/minute was imputed into the UTM and the compression piston mounted on the cross -head of the UTM begins to move down into the press cage cylinder containing the samples and then compresses sample at the exert loads of 30, 35, 40 and 50kN selected from the UTM. The pressing was allowed for 10 minutes (i.e. the time when no oil comes out again) after then the compressing piston was moved up. The oil collected and the cake was weighed. The test was repeated three times for each compressive load selected.
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Note that for the hydraulic press and measuring device, the compression piston was mounted on the plunger and it can be moved manually using the lever, as the compression piston presses the sample, the exerted loads ( i.e. 30, 35, 40, 45 kN ) was read from the display of the measuring device. These range of loads was selected because the UTM maximum capacity was 50kN, while preliminary experiments shows that reasonable quantity of oil was obtained at 30kN load.
At the end of the tests, oil yield from ground palm kernel under compressive loading measured using the designed and constructed device and Universal Testing Machine respectively was calculated as the ratio of the weight of oil expressed to the weight of the sample before expression. [1] mathematically expressed the oil yield as:
The result of the oil yield obtained from the various loads (compressive) measured using the UTM and the designed and constructed device respectively was subjected to statistical analysis to determine if there was any significant difference between them. 
Results and discussion
Validation of calibration
It can be seen from Table 2 that the force-measuring device can be used for both dead weight measurement and varying compressive force measurement, ranging from 0 to 100kN. One can also observe from Table 2 that the maximum error obtained was 0.2% of the applied force. Therefore, it can be inferred that the device is adequate for force measurements in situations where 0.2% error is acceptable. 
Conclusion
A low cost device that is a replicate of the universal testing machine (UTM) and produces satisfactory compressive force-measurements was designed and constructed. The device is easy to operate and maintain; and can be afforded by laboratories that cannot afford the UTM. The output of the device was linear. The device is suitable for measuring both dead load and slow varying force ranging from 0-100kN.The oil yield obtained by expressing oil from ground Palm Kernel seed under various compressive forces measured using the device and the UTM respectively; shows that there was no significant difference between the values obtained from each of the machines at 5% confidence level using T-test. Thus, it then implies that the designed device compares favourably with any compressive force-measuring machine\device.
